In this work we have studied the in¯uence of the gaze stabilizing movements of the eye on the quality of the retinal image of the human eye obtained by double pass methods. The results obtained agree with the expected diå erences between the coherent and incoherent behaviour of the optical system of the eye. The movements-free retinal image is obtained from a typical retinal image by considering a ® lter function in the frequency domain which characterizes the eå ect of the considered movements.
Introduction
The gaze-stabilizing task is carried out by the visual system through the action of diå erent types of eye movements. In general, it is accepted that two main types of eye movement are observed during maintained ® xation: tremors and small drift saccades [1] . Tremors are high frequency movements (70 ± 80 Hz) with mean peakto-peak amplitude of 30 arcsec [2, 3] . Due to the low amplitude of these movements, their in¯uence on vision is irrelevant, as was con® rmed by Packer and Williams [4] . The small-drift saccades (`microsaccades' ) are low frequency movements (2± 5 Hz) with a peak-to-peak amplitude lower than 5 arcmin [5, 6] and they are supposed to be involved in the prevention of the image fading [1] . Diå erent studies [7± 9] have been developed to determine the aim of the existence of these movements, but up until now, no useful role for small saccades has been justi® ed.
The determination of the optical quality of the human eye has been generalized by the use of the double pass method [ 10± 12] . In this method, a biteboard is used to control the head movements during the record of the retinal image. It is known that small saccades are prevalent in target ® xation when an arti® cial head support is used [13, 14] and the use of cyclopegic or midriatic drugs do not minimize the presence of these movements [15] .
If temporal integration techniques are used in the retinal image recording process [11, 12, 16] , the importance of these movements becomes evident: they are responsible for the loss of coherence in the second pass of the process, blurring the individual coherent images [17] , thus losing the speckle. In fact, these movements act as a low-pass ® lter over the retinal image in the same way as mechanical vibrations [18] and can be eliminated following similar procedures to the ones used in the restoration of motion degraded images [19, 20] .
The aim of this work is to obtain a movements-free retinal image, obtaining a ® lter function in the frequency domain to characterize the eye movements during the recording interval.
Methods
The retinal images recorded by the double pass technique are obtained, generally, by the use of a temporal integration interval of T seconds. During this interval, if the refresh rate of the CCD (charge-coupled device) is t 0 , a total of NˆT=t 0 images are integrated. In order to simulate the eå ect of eye movements, we can suppose that, during the T interval, a total of M T tremors and M S small saccades occur. Knowing the mean frequencies of these movements, f T and f S :
Each movement has a random amplitude within a normal distribution of means hD T i and hD S i, with random directions T and S .
In order to obtain how a point image is deformed by these movements, we can simulate the ® nal result by applying random spatial displacements around the ® xation point with the same amplitude and frequency as the tremors and saccades.
If I…x;y † is an ideal point object, de® ned by a Dirac delta function …x;y †ˆ¯…0;0 †; …2 † after one general eye movement, the image has been`moved' to a new position de® ned by their polar coordinates …D; †:
During the displacement between the zero position (® xation point) and the new position, a total of 1=t 0 f i images are integrated by the CCD ( f i being the temporal frequency of the spatial movement considered). Following the Listing law [21] , we can suppose a linear movement between these two points, so the resulting image will be:
…5 †
After the T interval, the total image will be: 
…10 †

Results
Computer simulations for f m were obtained for a typical integration time of 750 ms and mean frequencies of 75 Hz for tremors and 3.5 Hz for small saccades. The mean amplitude considered was 5 arcmin for small saccades and 30 arcsec for tremors. A total of 1000 individual f m functions were averaged to obtain the ® nal h f m i ® lter function, showed in ® gure 1. As can be seen, the h f m i function is a lowpass ® lter in the spatial frequencies' domain so a blurring of the original image must be expected after applying the ® lter.
In the double pass method, the registered images are the result of two cascade ® lters: the eye optics modulation transfer functions (MTF) and the eye movements' ® lter. If we apply equation (10) to the spatial frequency spectrum of an actual image, a free-movements image will be obtained. Figure 2 (a) represents an actual image obtained by the double pass method, following the experimental protocol and set-up of Lorente et al. [11] . Figure 2 (b) represents the result of applying the inverse Fourier transform over the result of equation (10) . As can be seen, the resulting image recovers the speckle present in the ® rst coherent pass of the double pass method [17] .
From this result, it is evident that we can obtain both the coherent and the incoherent MTF of the eye, using the procedure proposed by Lorente et al. [17] . If I…x;y † is the incoherent retinal image, the incoherent MTF of the human eye will be: 
…12 †
If we apply equations (11) and (12) to the results of ® gures 2 (a) and (b), we must obtain the incoherent and coherent MTFs respectively. The result of these operations can be seen in ® gure 3. As follows from the theory of coherent imaging [22] , the coherent MTF has a lower cut-oå frequency than the one resulting from the incoherent MTF. It can also be shown how the area below the incoherent MTF is greater than the area of the coherent MTF.
Conclusions
The proposed methodology allows one to obtain experimental results of coherent imaging by the human eye, avoiding the use of an anaesthetic drug which have a midriasys and accommodation paralysis as secondary eå ects [15] . The use of only cyclopegic or midriatic drugs do not avoid the presence of eye movements so, when these drugs are used, an incoherent treatment of the resulting image must be carried out.
This coherent treatment of the optics of the eye can be applied to validate the studies of the performance of the visual system under coherent illumination conditions [23] . 
